1988, Jehl et al. 1998) . Due to geographical variation in morphometric measurements, applicability of discriminant functions derived from different samples to distinguish the sex at the scale of local populations may be limited. Conversely, discriminant functions calculated for one breeding locality often apply only to the populations from which they were derived, especially when geographic variation involves shape, which could influence the weighting of characters in the discriminant formula (van Franeker & ter Braak 1993) . The requirement to calculate discriminate functions separately for local populations may be omitted by comparing mates within pairs, the use of this method also highly improves the sexing accuracy (Fletcher & Hamer 2003) .
The aim of our study was to evaluate morphological criteria for sex determination of the Eurasian subspecies of the Red-necked Grebe Podiceps grisegena grisegena and to verify their validity with a DNA-based sexing technique. Sexual size dimorphism in this subspecies appears to be less pronounced than in its North American counterpart, the substantially larger, heavier and longer-billed P. g. holboellii (Bocheński 1994 , Stout & Nuechterlein 1999 .
The study was conducted in a Red-necked Grebes population nesting on fish ponds and small artificial water reservoirs in eastern Poland (50°55'-51°27'N, 21°58'-22°26'E) between 1996 and 2005. Birds were trapped from May through July in underwater nets (Ferguson 1980 , Breault & Cheng 1990 or by night-lighting using twomillion candlepower spotlights. Captured birds were marked with individual steel and color band combinations.
Genetic sex determination. DNA was isolated from blood collected into EDTA buffer (150 mM NaCl, 15 mM trisodium citrate, 10 mM EDTA pH 7.0). We collected 50-200 μl of blood from the brachial vein of each bird shortly after capture. DNA was extracted from red blood cells using QIAamp DNA Mini extraction kit (QIAGEN) following the manufacturer's protocol. We used protocols described by Kahn et al. (1998) to amplify the intron that intervenes between CHD helicase and DNA-binding regions and is common to both the Z -linked and W -linked CHD genes located on the avian sex chromosomes (Ellegren & Sheldon 1997) .
The PCR product was analysed by electrophoresis following Sambrook et al. (1989) using a 3% agarose gel in 1x TAE (40 mM Tris-acetate, 1 mM EDTA, pH 8.0) with 1 μg/ml ethidium bromide and visualized under UV light to reveal the presence of a single or a double band representing male or female, respectively.
As the molecular methods are not universal (e.g. Kahn et al. 1998 , Dawson et al. 2001 , the technique was verified using samples from 20 birds (10 adults and 10 chicks) found dead in the study area and sexed by dissection and examination of the gonads. The sexes inferred from band patterns appearing on agarose gels agreed with those determined in 20 internally sexed birds. 22 birds were sexed twice from various blood samples (12 of them from samples taken in consecutive years), and the sex designation did not differ. The results were also substantiated by comparing the assigned sex in 17 pairs, where DNA was analysed from both breeding partners. In all cases, male-female pairs were inferred.
Biometrics. Morphometric measurements were made on a total of 76 adult breeding grebes (39 males, 37 females) sexed by DNA. As measurements of some dimensions can be affected by post-mortem changes (FjeldsD 1980 , Piersma 1988 , we used only living birds and 6 freshly dead individuals, found at the nest.
Standard measurements included body weight, long bill length (gape length from the distal tip of bill to the corner of the mouth), culmen length ("exposed culmen"from the distal tip to the tip of the forehead feathering at the proximal base of the bill), wing length (flattened wing measured from the wrist to the tip of the longest primary) and tarsus length (from middle of mid-tarsal joint to distal end of tarsometatarsus). Dead birds and two live-captured individuals were not weighed. Length of tarsus was taken only over 5 years of study (n = 47) and, as the lengths did not differ significantly between the sexes (t = 1.867, df = 45, p = 0.068), this character was dropped from further analyses.
All measurements were taken to the nearest 0.1 mm with Vernier calipers, except wing length that was measured to the nearest 1 mm with a flat ruler. Body masses were taken to the nearest 1 g.
Analyses were based on unique estimates (averages were used for individuals captured on more than one occasion) for each single bird. The Kolmogorov-Smirnov test was applied to test whether the data conformed to normal distribution. The measurements were subjected to stepwise discriminant analysis to select the combination of characteristics most distinct between sexes. Variables were retained in the stepwise model at where D is the discriminant score. Birds with scores greater than 0 were classified as male and those with lower scores as female. The discriminant model based on the two measurements correctly predicted 84.6% of the males and 75.0% of the females used for model construction with an overall accuracy of 80.0%.
Accuracy did not increase as a result of including weight (however, note the smaller sample, N = 68). Of the four measurements (long bill length, culmen length, wing length and body mass) only the combined long bill length (selected firstly) and body mass (selected secondly) were different enough for use of sex discrimination (Lambda = 0.596, where values of D 2 > 0 identified males and values < 0 identified females. This function yielded 76.5% successful allocation of birds in the analysis sample; 83.8% of males were correctly identified, while females had 67.7% correct allocation.
Thus, long bill length considered as the only variable (with 51.9 mm as a point of inter-sex separation) correctly classified 78.9% of the cases (84.6% of males and 73.0% of females) and was the best single factor discriminating between the sexes (Lambda = 0.638, F 1,74 = 41.99, p < 0.0001).
Within 17 pairs, where both pair members were caught, in only two pairs did the female have a longer bill than the male (one-tailed sign test, p = 0.004); similarly in only two (other) pairs was the female heavier than the male (p = 0.004). However, only three pairs were captured on the same occasion and in some pairs the mates were caught in different years. When within a pair, the bird with the larger long bill length or body mass was assumed to be male, the accuracy level increased to 88.2%. Other morphometric measurements, when the larger mate was classified as male, did not differ significantly between sexes (culmen length: p = 0.052; wing length: p = 0.210). When there was agreement between the measurements of long bill length and body mass, sex assignment was at the same level of accuracy as that obtained from genetics, but the fraction of sexed mates was restricted to 13 out of 17 pairs (76.5%).
Of the characters measured, long bill length was the best single predictor of sex. Adding wing the p = 0.05 significance level. Correlation coefficients between characteristics used for the final discriminant function were less than 0.55. The variance-covariance matrices were not significantly different (Box's M = 9.29, p = 0.569). The discriminatory ability of each variable was evaluated with Wilks' Lambda statistic, which provides the value of the inverse power of discrimination. For each sex and for the whole sample, we report the percentage of individuals correctly identified.
As measurement of body mass may be unreliable because of fluctuations in body condition throughout the breeding cycle (Moreno 1989 , Pugesek & Diem 1990 , or in some circumstances body mass may be not available or misleading (e.g. carcasses, undernourished birds), its use in discriminant function is usually not recommended (Piersma 1988) . Hence, we calculated two functions, one that included and one that excluded body mass as a parameter.
Red-necked Grebe males were significantly larger than females in all body measurements, but there was a considerable overlap between all dimensions measured. Weight was the most variable measurement within sexes (Table 1) .
When body mass was not considered, only long bill length (selected firstly) and wing length (selected secondly) contributed significantly to discriminating between males and females (Wilks' Lambda = 0.582, F 2,72 = 25.86, p < 0.0001). The following discriminant function was developed to distinguish between male and female grebes: length to the model only slightly increased its discriminatory power. However, neither single bill length measurements nor the above combinations of morphometric characteristics provided a complete separation of the sexes. Although males averaged larger than females in all measurements used in our study, the zone of overlap was too large for effective application of discriminant functions; the overall classification success of neither model exceeded 80%. Although our sample of Red-necked Grebe pairs with both mates caught was small, withinpair comparisons appear to considerably increase the accuracy of sex assignment by measurements of bill and body mass when it is assumed that the larger bird is male. Some studies show that mate-based models are superior to sample-level analysis, but often at the cost of obtaining a smaller sample size (Weidinger & van Franeker 1998 , Jodice et al. 2000 , Fletcher & Hamer 2003 . Moreover, their use eliminates the need to calculate site-specific discriminant functions for different alternative populations (Fletcher & Hamer 2003) . This may be particularly helpful in the Red-necked Grebe, as birds in northern Europe are larger and longer billed than in the central part of the continent, presumably as a character release/character displacement resulting from allopatry of the Great Crested Grebe Podiceps cristatus (e.g. FjeldsD 1983).
The high accuracy of within-pair comparisons offers a practical solution for the common cases when it is difficult to capture the birds, as the sex of breeding grebes might be predicted from visual inspection of the size of the mates. It is by far not a general recommendation, as it requires caution and careful observations, and should be restricted to those pairs which can be easily watched and distinguished by size. However, the development of techniques allowing quantitative estimates of animal body parts from a distance (Butler et al. 1990 , Lyon 1994 ) may facilitate the use of within-pair comparisons in a wide range of field studies.
